Abstract -
INTRODUCTION
Many engineering colleges in North America have made retention a priority in their programs, especially for first year students, in order to lessen the financial and societal cost of student attrition [16] . It is also clear that in the near future we will require more engineering graduates to meet industry demand, and these engineers will require specific traits in order to thrive in a rapidly changing and advancing economy [30] . Engineers can be viewed as a unique group of students [48] .
Despite this push for better retention and a significantly higher number of graduating engineers, there is very little published research that looks at the issue comprehensively, and that accounts for all of the potential factors that may go in to a student's decision to stay or leave engineering majors. There are especially few research papers focused on engineering students specifically, although engineering student attrition has been found to have different causes than non-engineering student attrition [48] . Attrition in engineering schools is a highly complex problem that requires a collaborative approach (between students, colleges and instructors, using different methodologies) to fully understand and solve. The first step in understanding and solving this problem and the purpose of this paper is to compile and synthesize current literature into a singular, easy to digest source.
The following diagram shows the process by which appropriate literature was identified:
After reading and summarizing 45 papers, several themes emerged that can be organized into three distinct categories or "levels": College Level Factors, Instructor Level Factors, and Student Level Factors. These category headings were inspired by Robert Marzano, who described the three levels of factors that influence the effectiveness of schools and student achievement: school level factors, teacher level factors, and student level factors [33] , which were written with elementary and high-school education in mind. Though not intended for higher education, these levels (slightly altered) are a convenient and holistic way to discuss the factors that affect engineering student attrition.
COLLEGE/FACULTY LEVEL FACTORS

Institutional Climate
Institutional climate is made up of many intangible factors such as how welcome the students feel, faculty engagement, cultural atmosphere, and social environment. It can also include research involvement, the existence of the "weed out" culture that engineering is known for, and the academic achievements of students within the institution.
The importance of institutional climate on student retention and satisfaction cannot be overemphasized, especially for female and minority students [39] , which will be further discussed in Student Level Factors. Though student level factors play a role in student attrition, college level factors are the underlying mechanisms that can either exacerbate or supersede student level factors. For instance, engineering schools that don't emphasize work life balance for engineering as a career will retain fewer students [29] . So too will institutions that perpetuate the concept of a "weed out" culture [46] . In order to retain students, it is important to take into account student demographics and motivations that have changed; young engineers (and students) value flexible and supportive work environments [30] and will look for educational experiences with this in mind.
Students who stay in engineering colleges are not necessarily the "cream of the crop" as weed-out culture suggests, but rather they are a certain type of person, most often a very resilient person who has a high motivation to learn and is less affected by situational/environmental factors than their peers [31] . The students who drop out of engineering are generally found to be academically similar to their peers who stay in engineering [40] . The students who leave do however, report more negative feelings towards factors such as faculty-student relationships, and feel as though the college does not want them to succeed. These feelings have consistently been found to correlate with attrition from engineering colleges [9] [49].
Curriculum
Though students' first year is the most critical experience to their choice to leave engineering or not, many researchers including Froyd and Ohland [13] suggest that first year engineering curricula are largely theoretically based and stagnant, lacking context-oriented approaches and creating negative perceptions of engineering for students [26] [32], which in turn leads to higher attrition rates within the college setting for millennial students who crave context and flexibility [30] . Students value real-world examples and feel that they enhance the quality of their education [43] . Without these real-world connections students can lose interest in the profession before they even fully understand what it is that engineers do or how diverse the profession is.
The engineering profession in Canada is changing (and has changed) [30] and students will require interdisciplinary competencies in order to thrive [13] . Students want to learn what engineering is and feel let down by the overloaded curriculum that lacks relevance to current engineering practice [13] [40] [43] . Also, due to the wide range of backgrounds of students coming into engineering schools, there is a clear knowledge gap between some students' prior knowledge based on where they attended high school [22] [28] . Students that have less mathematics preparation are more likely to leave engineering, and will require more assistance than their peers in order to persist [2] [28] . The varying backgrounds and academic preparation of students affect individual achievement and thus affect attrition [27] . This is a predictor that is uniquely found in engineering student attrition [50] , and is in no way an indicator of students' academic capability, but rather, their preparation (which is largely out of their control).
Intentionally redesigned curriculum that incorporates a more respectful atmosphere, supplemental material for underprepared groups of students, and more flexibility will improve outcomes and retention in all students [14] [29] [36] [45] , but especially in the minority groups of interest to many engineering colleges in Canada. Engineering curricula combined with institutional climate is arguably the most significant predictor of student attrition, as these factors contribute to and interact with every other factor.
Mentorship
There have been many engineering schools that have implemented mentorship programs either with industry, upper year engineering students, or faculty; some of these efforts have been very successful in increasing retention [5] [25] [44] , and some have not [35] (though every program documented does increase student satisfaction overall). Mentorship programs seem to be very successful with minority demographics in engineering schools [5] [25]. Minority groups in engineering (including female students, aboriginal students, and visible minority students) are lacking role models and generally have lower technical self-efficacy (strength of a student's belief in their ability to complete technical tasks and get good grades) than the dominant demographic [28] ; mentorship programs are one way to give these students a support system and sense that they belong there, in order to retain a larger number of a very small proportion of the engineering student population.
Also important to student retention/attrition is a student's access to role models. Students are more likely to choose and continue in engineering when they themselves know an engineer [10] , and are more likely to complete their degrees when they have parents that have a university degree [22] .
Peer Influence and Sense of Belonging
Peer mentorship has a positive effect on students' drive to continue in engineering [5] . Intuitively this makes sense; if a student has someone to look up to and guide him or her through the program, they are more likely to succeed. Also, if they have friends in the program, they are more likely to feel that they "fit in" and belong there. Allendoerfer et al. assert that, "providing students with opportunities to belong provides the most return on investment for engagement in academic endeavors" [1] .
It's been shown that students who report having a lower sense of belonging tend to leave engineering colleges more often [32] . A poor sense of belonging among students is also a symptom of poor institutional climate. If engineering students cannot foster a sense of belonging with their peers, they will find it difficult to feel that the program is worth the strenuous effort to complete [11] . This intangible but very real sense of community and belonging to that community is another one of the most significant factors that affect student attrition.
STUDENT LEVEL FACTORS
Academic Achievement
Given that many engineering schools in Canada accept students based on their entrance averages, it makes sense that higher academic achievement in high school is correlated with higher retention rates [8] [37] [48]. Mendez et al. found that cumulative GPA is most highly associated with engineering persistence or nonpersistence [34] . Although academic achievement is correlated with attrition, it cannot be considered a causal relationship.
There are also specific measures from a student's high school academic record that have been found to correlate with attrition such as high school average and SAT math score [8] [12] [37] [48]. Also, good study and time management skills that students have from high school have been found to correlate with student success and retention [4] .
Learning Style
There is certainly an "engineering culture" that is important to foster in students [15] , but under the umbrella of "engineer," there are many different types of people that must be accounted for in order to increase retention. Engineering students are a diverse group of individuals who have vastly differing backgrounds, personalities, and skills [30] . Given the highly variable nature of engineering as a profession, students with differing personalities and learning styles all have the ability to succeed in engineering as a profession [4] [29]; it is not only desirable that diversity be accommodated, but it is desirable for employers and the profession as a whole [30] .
Though the student demographic in most engineering schools is diverse and there are several different personalities and learning styles, many engineering courses are being taught for a distinctive type of individual [4] [51]. Bernold et al. suggest that the types of learners and thinkers that engineering "weeds out" are exactly the types of learners and thinkers that industry is asking for in graduates [4] . Engineering schools can lower attrition rates by addressing these differing learning styles and ways of thinking [4] .
Intrinsic Motivation and Attitude
There are some students who are so motivated to become engineers that their commitment to their education is virtually untouchable; poor faculty relationships, an over-loaded and dry curriculum, lack of community in the college, and even failure will not deter them from their goal [12] . These students have a strong belief that engineering is the right career for them, though they may still hold negative views of engineering education or their college [6] . These students tend to have certain types of learning styles and personality types, such as "proactive personality" [6] [31] .
Students who have this intrinsic motivation are more likely to have role models who show them what an engineering career will look like for them, and thus are more willing to persist through hardships in engineering education (or perceived hardships). However, there are many more students who are struggling, but persist in their degree and hold damaging negative views of the college and faculty; these students are more likely to feel that their professors intentionally make courses more difficult than necessary to weed out students, and are more likely to leave engineering [46] .
Self-Efficacy
Lower self-efficacy is correlated with higher attrition rates, especially in female students [35] ; however, students with lower self-efficacy do not necessarily differ from their peers in academic ability [6] [10] . Students' self-efficacy and self-confidence can be affected by faculty relationships, institutional climate, and teaching methodology [49] ; and it is essential for student satisfaction [19] . Self-efficacy is also one of the simplest factors to affect externally. If low self-confidence can be identified early on in a student's degree, interventions can be made to modify their self-perception before attrition occurs [28] .
Demographics
3.5.1 Gender. Whether female students have a higher or lower attrition rate seems to depend on the institution, as findings in this area are inconsistent. However, female students' reasons for leaving the college differ [18] [28], and they tend to leave at a different point in their educational path than male students [37] . Male students who leave the college tend to be less prepared than their male counterparts who continue in the program whereas female students who leave are not significantly different than their counterparts who stay in the program [18] . Female students also tend to be more committed to their majors.
Female students' self-efficacy beliefs are more affected by external characteristics such as institutional climate and faculty, which contribute to student attrition. Ohland et al. suggests that female students are also more affected by curriculum deficits; and that retention is improved when engineering schools emphasize problem solving, technical writing, teamwork, entrepreneurship, and business management skills. Female students also thrive when given the context of problems rather than idealized abstract problems that tend to populate the first year engineering curriculum [13] .
Females, when other variables are controlled for, are more likely to graduate than males [8] , but are more negatively susceptible than male students to comparisons with their peers [23] [17] , and more susceptible to stereotype threat [3] . Female students tend to have lower self-efficacy [7] [24], which in turn contributes to female student attrition. In contrast, female students that continue in their programs have high self-efficacy and identify with the engineering persona [7] , making institutional climate and self-efficacy of particular concern for the retention of female students, but important for all students regardless.
The perceived existence of problems within the engineering profession ("chilly" workplace environments) and professors who view students as "numbers, not names," etc. also contribute to student dissatisfaction and attrition for both male and female students [17] . Stereotypes that exist about engineers, the engineering profession, and engineering education are harming recruitment and retention efforts disproportionally for female students. However, female students that enter into the college tend to be very committed, having known that they were entering a non-traditional field [38] .
Race.
Caucasian students tend to have higher attrition rates than Non-Caucasian students, though NonCaucasian students are at the highest risk for leaving later on in their degree [37] . Interestingly, it has been shown that while improving institutional climate can create gender parity, it does not affect racial disparity in engineering colleges [39] . Racial disparity requires more sensitivity by engineering colleges to data driven teaching methodologies that are not only required to move engineering education forward with technology and societal priorities, but for improved minority group outcomes [41] [42].
INSTRUCTOR LEVEL FACTORS
Faculty can have a profound effect on student outcomes, including academic performance and sense of belonging [32] . If professors take the time to promote a welcoming environment and move away from verbalizing the "survival of the fittest" attitude, it will promote success in their students and reduce attrition. Faculty who are distant and perceived as unwelcoming to students lower self-efficacy in students as well as their academic achievement overall, and make them more likely to leave the college altogether [49] .
It is important that engineering faculty understand their role in student attrition, as it is important, and perhaps more significant than previously accepted [9] [21] [49] . Conversely, if faculty provide a welcoming environment, are actively involved in student achievement, and provide professional role models, students are more likely to feel that engineering is "for them" [50] .
Faculty can and should foster student engagement if a college is to reduce attrition rates and improve student satisfaction, but it is critical to understand how students and faculty differ in their understanding of the phrase "student engagement." Engineering faculty tend to think of student engagement as resting with students. However, students feel that engagement comes from faculty enthusiasm and willingness to give time outside of class [20] . Student engagement can be thought of as both a process and an outcome, resting with both faculty members and students [20] ; however, challenges engaging faculty with research results may need to be overcome [47] in order to promote student success and retention.
DISCUSSION AND CONCLUSIONS
This paper distilled recent literature in an attempt to understand the mechanisms that cause attrition in engineering students, as well as indicators that may exist to identify students who are more at risk for attrition. While this paper is focused on "the problem," it should be stated that this problem is not unsolvable. There are proven interventions that can increase retention by addressing any of these key issues, or by understanding the whole picture i.e. how each level interacts with one another, in order to implement comprehensive programming.
While all of the factors above have been shown to affect the retention and attrition of engineering students, it is their complex interactions that cause a student to leave engineering. It should be noted that the impact of the institution itself (curriculum, support systems in place, college climate, etc.) supersedes the effect that demographics or student perceptions may have. High attrition rates are not as much about individual students, as they are about the institutions that they feel they do or do not belong to.
There seems to be a pervasive idea that engineering is only "right" for a certain type of person. However, it is clear that engineering students do not all have the same type of personality, learning style, motivations, or background [6] [31] [46] . The way that some engineering classes are currently taught is not effectively engaging engineering students as a whole, but rather a certain type of student, leading to higher than necessary attrition rates, and the loss of potentially very good engineers.
